Background: Excessive gestational weight gain (GWG) has a long-term impact on women's body weight and contributes to the development of obesity in the mother and her child. Many risk factors for GWG have been identified, but to date, only 6-33.8% of the variance in GWG has been explained. The purpose of this study was to evaluate the overall variance of GWG that can be explained by including weight-adjusted resting metabolic rate (aRMR) and a genetic risk score constructed on obesity-related genes in addition to sociodemographic and lifestyle factors. Methods: In this observational study involving 55 African American women, data collected/measured during pregnancy included sociodemographic factors, medical information, lifestyle factors, aRMR, and seven obesity-related genes. Multivariable linear regression was performed to evaluate the variance in GWG explained by the potential risk factors listed above. Results: The mean GWG was 15 kg (+7.5 kg), and 63.6% of women gained more than the Institute of Medicine's GWG recommendations. The final regression model explained 53.3% of the variance in GWG. Higher genetic risk score, lower aRMR, and higher dietary intake of total energy and percentage of fat were significantly associated with increased GWG (p < .05). These factors explained 18% additional variance in GWG over that explained by significant sociodemographic and lifestyle factors in the analysis (i.e., maternal age, prepregnancy body mass index, parity, illegal drug use, and education). Conclusion: Overall, our results indicate that the genetic risk score, aRMR, and dietary intake have a substantial impact on GWG in African American women.
parity (Heery et al., 2015; Herring et al., 2012) , dietary intake (Gaillard et al., 2013; Stuebe et al., 2009) , physical activity (Stuebe et al., 2009) , and smoking (Gaillard et al., 2013) . However, the above factors explain only 6-33.8% of the variance in GWG (Althuizen, van Poppel, Seidell, & van Mechelen, 2009; Heery et al., 2015; Herring et al., 2012; Montpetit, Plourde, Cohen, & Koski, 2012; Olafsdottir, Skuladottir, Thorsdottir, Hauksson, & Steingrimsdottir, 2006; Olson & Strawderman, 2003; Walker & Kim, 2002) . A substantial proportion of GWG remains unaccounted for. Therefore, additional factors that could potentially influence GWG need to be explored.
One promising factor is resting metabolic rate (RMR). Weight gain is the outcome of the positive energy balance between energy intake and energy expenditure (AbdelHamid, 2002; Hall et al., 2012) . RMR is a measure of energy expenditure at rest, which accounts for *65% of total daily energy expenditure (Hall et al., 2012) . Studies have shown that RMR and change in RMR during pregnancy are associated with GWG (Lof et al., 2005; Marginean et al., 2016) . However, the associations in these studies were assessed without considering other risk factors for GWG. Therefore, it is unclear whether RMR can explain variance in GWG other than that explained by the risk factors already identified.
Another factor that may exert an effect on GWG is genetic components. Several studies have investigated the influence of obesity-related genes on weight gain during pregnancy (Gaillard et al., 2013; Groth & Morrison-Beedy, 2015; Kwak et al., 2012; Lawlor et al., 2011; Stuebe et al., 2010) . However, in the majority of cases, these studies found that the genes were not significantly associated with GWG. One possible explanation is that the effect of an individual gene on GWG is likely to be trivial, since the influence of each gene on obesity or BMI is usually small (Locke et al., 2015) . On the other hand, the genetic risk score, which calculates the cumulative effect of multiple genes, has consistently shown an association with obesity or BMI in general populations (Gonzalez et al., 2014; Walter, Mejia-Guevara, Estrada, Liu, & Glymour, 2016) . Lawlor et al. (2011) found that a genetic risk score was also associated with GWG during early pregnancy. Hence, a genetic risk score based on numerous genes, rather than single candidate genes, may be able to account for more variance in GWG.
The purpose of the present study was to explain the overall variance in GWG by including RMR and a genetic risk score in the model along with sociodemographic and lifestyle factors. We conducted the study among low-income African American women due to the high rate of obesity and excessive postpartum weight retention they experience as a group (Ogden et al., 2015; Walker, Fowles, & Sterling, 2011) .
Method

Study Design
The study was a prospective observational study conducted in upstate New York. The university institutional review board approved the study (Groth & Morrison-Beedy, 2015) . The primary purpose of the study was to examine potential risk predictors for GWG. We recruited a convenience sample of 97 low-income pregnant African American women from two obstetrical clinics affiliated with the university from 2008 to 2011 and followed them from <20 weeks of gestation until 6 months postpartum. The inclusion criteria were as follows:
(1) self-reported as African American, (2) age !18 years, (3) gestational age <20 weeks, (4) singleton pregnancy, (5) prepregnancy BMI between 18.5 and 40.0 kg/m 2 , and (6) enrolled in Medicaid and/or the Special Supplemental Nutrition Program for Women, Infants, and Children. Women who had medical or psychological conditions that impeded them from signing informed consent or had medical conditions that could affect weight change during pregnancy (e.g., diabetes or hypertension) were excluded from the study. We also excluded from the analysis five women who had less than 35 weeks of gestation at delivery since women continued gaining weight steadily during the third trimester (IOM and National Research Council, 2009 ). Finally, women who had missing data for potential sociodemographic risk factors, lifestyle conditions, genes, or RMR were also excluded from the analysis. In total, we included 55 women in the final analysis.
Measures
Women's weight data were retrieved from prenatal medical records. GWG was calculated by subtracting early pregnancy weight measured at the initial prenatal-care visit from the final recorded weight before delivery. If the early pregnancy weight was obtained after 14 weeks of gestation, we adjusted it by deducting the average weekly weight gain for African American women during the second trimester to avoid an underestimation of GWG (IOM and National Research Council, 2009 In the present study, we classified GWG into three categories based on these recommendations: low weight gain, appropriate weight gain, and high weight gain.
Sociodemographic factors. Maternal age, prepregnancy BMI, educational attainment, marital status, and health insurance information were collected at enrollment through questionnaires and medical records. Educational attainment was defined as the highest grade the woman had completed. Marital status is dichotomized into two categories: married/have a partner and separated/no partner. Health insurance is reported as public or private. Maternal height was obtained from the medical records. Prepregnancy BMI was calculated on the basis of maternal early pregnancy weight and height (kg/m 2 ). As mentioned above, we adjusted the weight if it had been collected after 14 weeks of gestation.
Medical and lifestyle factors. Information about parity, estimated gestational age at delivery, gestational diabetes and hypertension, smoking, and illegal drug use (cocaine and/or marijuana) during pregnancy were retrieved from medical records. Gestational diabetes, gestational hypertension, smoking, and illegal drug use were dichotomized as yes/no. Diet and physical activity. Diet and physical activity information were assessed during three periods of pregnancy (16-22 weeks, 24-29 weeks, and 32-37 weeks) . During each period, we collected 24-hr dietary recalls using the Nutrition Data System for Research software, Version 2009 (University of Minnesota Nutrition Coordinating Center, Minneapolis, MN, http:// www.ncc.umn.edu/products/). A diet technician who was trained to collect data using this system interviewed participants either face-to-face or via telephone and inputted the dietary intake data. A multiple-pass method was utilized to enhance complete food-intake recall (U.S. Department of Agriculture, n.d.). Total energy intake, percentage of energy from fat (fat%), carbohydrates (carb%), and protein (protein%) were calculated based on the dietary recall. In order to account for day-to-day variation of intake, we calculated estimated usual dietary intake during pregnancy using the method developed by the National Cancer Institute (Tooze et al., 2006) .
We collected data on physical activity using the Pregnancy Physical Activity Questionnaire (PPAQ), which was designed to assess physical activity specifically for pregnant women (Chasan-Taber et al., 2004) . The PPAQ asks the respondent to record the approximate amount of time (per day or per week) she has spent on 32 specific activities during the current trimester. The activities include household/caregiving activities, occupational activities, sports/exercise, transportation, and inactivity. Activity intensity is estimated according to field-based measurements in pregnant women and compendium-based metabolic equivalent (MET) values provided in the PPAQ. An average weekly energy expenditure (MET-hour/week) was calculated by multiplying the intensity for each activity and self-reported time. In the present study, we only used physical activity collected at the early pregnancy study period (16-22 weeks) due to missing data with the last two periods.
Genetic risk score. Trained study coordinators collected saliva samples at baseline using Oragene DNA self-collection sampling kits (DNA Genotek Corporation, Ottawa, Canada). The University Genomics Research Center genotyped seven singlenucleotide polymorphisms (SNPs) that are located at or close to seven genes (GNB3, FTO, MC4R, KCTD15, NEGR1, SH2B1, and GNPDA2) that have been linked to obesity and/or GWG (Dishy et al., 2003; Stuebe et al., 2010 ; Online Supplemental Table S1 ). We created a genetic risk score based on the presentation of the effect allele and the direction of its impact on GWG in previous studies (Dishy et al., 2003; Stuebe et al., 2010) . Specific genetic models (such as additive, recessive, and dominant models) were not adopted to calculate the genetic risk score because we could not accurately select the model on the basis of limited prior studies in pregnant women.
Resting energy expenditure. The women fasted overnight and rested for 30 min in a supine position prior to RMR assessment. We used indirect calorimetry with a canopy/hood to measure O 2 consumption and CO 2 production during a 30-min period in the University Clinical Research Center. RMR was calculated from the gas-exchange data using Weir's (1949) equation. For each participant, RMR was measured in each of the three study periods (16-22 weeks, 32-37 weeks, and 6-months postpartum). Because of missing data, we used only the RMR measured at 16-22 weeks in the analysis. RMR is influenced by body weight, fetal development, hormonal changes, and metabolic changes in tissues and organs during pregnancy (Lof et al., 2005) . In order to normalize the RMR and examine the influence of metabolic rate due to factors other than body weight, we adjusted RMR (weight-adjusted RMR [aRMR]) by body weight (kcal per kg per day) as researchers have done in previous studies (Astrup et al., 1999; Faria, Faria, Menezes, de Gouvea, & de Almeida Cardeal, 2012) . RMR is usually adjusted for fat-free mass, which we did not measure in our (Lazzer et al., 2010) . Therefore, as described above, we used aRMR in this study. The aRMR measured at early pregnancy was highly correlated with aRMR measured at late pregnancy (R ¼ .878). Therefore, we imputed four missing aRMR values at the 16-22 week measurement on the basis of aRMR values measured at 32-37 weeks.
Statistical Analysis
We calculated descriptive statistics to summarize the sample characteristics. Potential risk factors assessed in the analyses included maternal age, estimated gestational age, prepregnancy BMI, parity, smoking, illegal drug use, education, marital status, dietary factors (total energy intake, fat%, and carb%), physical activity, aRMR, and genetic risk score. Variables with low variations in the sample, including gestational diabetes, gestational hypertension, and health insurance, were excluded from the analyses. We performed linear regression to evaluate the variance in GWG explained by the selected potential risk factors. To select the variables for the final model, we used a stepwise elimination method. We calculated adjusted R 2 , unstandardized coefficient (B), and 95% confidence intervals (CIs) and considered a p value of less than .05 as indicating statistical significance. To assess multicollinearity between potential risk factors, we used variance inflation factor (VIF). Protein% was excluded from the regression analysis because it increased the VIFs of fat% and carb%. VIFs for all risk factors listed above were below 4 in all models. We also calculated the relative contribution of each risk factor in the final model, which was the change in adjusted R 2 when the factor was removed from the full model. To assess the individual genetic effect on GWG, we used analysis of covariance. Paired comparison between genotypes was performed with least signficant difference t-test. We also assessed the linkage disequilibrium among the seven SNPs. All the pairwise linkages (R 2 ) between SNPs were less than .1, indicating that there were no strong linkages among them. In addition, we examined the collinearity between individual SNPs and other risk factors identified in the final model. VIFs for the individual SNPs and other risk factors were all below 2. We conducted our statistical analyses using IBM SPSS, Version 22.0.
For conducting post hoc power analyses, we used G*Power (Faul, Erdfelder, Buchner, & Lang, 2009) . For a at .05, the powers of the overall linear regression models with all potential risk factors (initial screening step) and the final model with the risk factors identified were both greater than 90% because of the large effect size (total amount of variance explained by these variables). For a at .05, the powers of the analysis of covariance with individual SNPs ranged from 9% to 53%, except for the SNP rs11084753 (close to KCTD15) which had a power of 73%. Therefore, the results for individual SNPs were not conclusive, especially after Bonferroni correction. Table 1 presents the characteristics of the 55 African American women whom we included in the final analyses. Their average weight gain during pregnancy was 15 kg, with a range of À3.6-39.5 kg. Among the women, 64% gained more weight than recommended in the 2009 IOM guidelines. Maternal age ranged from 18 to 36 years. The mean BMI was 29.2 kg/m 2 during early pregnancy, and 74.5% of women had prepregnancy BMI ! 25 kg/m 2 . The majority of women had one or more previous pregnancies (62%), were married or had a partner (76%), had a high school or higher education (60%), and had public insurance (93%).
Results
Participant Characteristics
Risk Factors of GWG
When we included all potential risk factors in the initial regression model, it explained 50.5% of the variance in GWG. After stepwise elimination, the highest amount of the variance in GWG the model explained was 53.3%. We further assessed the impact of each risk factor on GWG by calculating the change in adjusted R 2 . Figure 1 presents the contributions of the risk factors to GWG. Sociodemographic and medical factors, including prepregnancy BMI, maternal age, parity, illegal drug use, and education, explained 35.3% of the variance in GWG in the final model. Adding genetic, dietary, and energy expenditure predictors explained an additional 18% of the variance, with genetic risk score accounting for 9.1%, aRMR for 6.8%, total energy intake for 11.1%, fat% intake for 7.3%, and carb% intake for 2.9%.
Since the genetic risk score was the cumulative risk calculated on seven SNPs, we also assessed the impact of individual SNPs on GWG using analysis of covariance. The SNP rs11084753, located downstream of the KCTD15 gene, was nominally significant (p ¼ .041) but not significant at the a level of .007 after Bonferroni correction for multiple testing. The difference in GWG was nominally significant between the GA and AA carriers (p ¼ .032) and between the GG and GA carriers (p ¼ .039). The variance in GWG explained by the model that included this SNP was 49.7%.
Discussion
In the current study, conducted among low-income African American women, we detected a positive relationship between the genetic risk score and weight gain during pregnancy such that women who possessed a higher genetic risk score gained more weight during pregnancy. We also observed a negative relationship between aRMR and GWG, with women gaining more weight during pregnancy if they had a lower aRMR. Moreover, our model explained additional variance in GWG when we added as predictors the genetic risk score and aRMR to sociodemographic and lifestyle factors.
The model we used in the present study explained more of the variance in GWG than those in previous studies (Althuizen et al., 2009; Heery et al., 2015; Herring et al., 2012; Montpetit et al., 2012; Olafsdottir et al., 2006; Olson & Strawderman, 2003; Walker & Kim, 2002) . Our study only included lowincome African American women, and the sample size was relatively small, which could have reduced the variability in our sample and, in turn, improved the explanation of the variance in GWG. However, large variations in GWG were still evident in our participants, as indicated by the range and standard deviation. In addition, when compared to the model in a study with a similar sample size, the model in the present study still explained a considerably larger part of the variance in GWG (Montpetit et al., 2012) .
The genetic risk score was significantly and positively related to weight gain during pregnancy and made a unique contribution to GWG in our study. Previous studies have shown that a higher genetic risk score is associated with a greater BMI and increased risk of obesity in nonpregnant populations (Gonzalez et al., 2014; Walter et al., 2016) . Conversely, Lawlor et al. (2011) found an inverse relationship between GWG in the first 18 weeks of pregnancy and a genetic risk score derived from four genes associated with adiposity. These authors did not identify a relationship between overall GWG and the genetic risk score. The inconsistency in findings between the previous and current studies may be due to the facts that the genetic risk scores were created on the basis of different outcomes (GWG vs. BMI) , in the present study, we used a larger number and variety of genes to create the risk score, and participants in the two studies were from different racial groups. Lawlor et al. (2011) selected obesity-related genes and calculated the risk score based on the allelic effects on BMI. In the present study, we coded the score according to the allelic effects on GWG based on the results of previous studies (Dishy et al., 2003; Stuebe et al., 2010) . In our study, therefore, having a higher genetic risk score increased the risk of weight gain during pregnancy.
In addition, similar to previous findings regarding the genetic effect on obesity, in the present study, a single gene explained relatively little of the variance in GWG (Gaillard et al., 2013; Lawlor et al., 2011) . Hence, our results indicate that a genetic risk score is more effective for evaluating the genetic component of GWG than are individual genes. Assessment of additional obesity-related SNPs in future studies could potentially further strengthen the relationship between the genetic risk score and GWG. More understanding of genetic risk factors for GWG will facilitate the identification of women at high risk for above average GWG and, consequently, the initiation of targeted interventions during early pregnancy.
In the present study, energy expenditure also explained a proportion of the variance in GWG. The aRMR had an inverse relationship with GWG such that the higher the aRMR, the less weight a woman gained during pregnancy. This result supports the hypothesis that between individuals with similar body weights and body compositions, those with higher RMR will have lower weight gain (Hall et al., 2012) . Marginean et al. (2016) , however, found that the unadjusted RMR was higher in women with excessive GWG. One possible explanation for this finding is that the women with excessive GWG had higher body weight, which is a major contributor to RMR (Hall et al., 2012; Lof et al., 2005) . In the present study, we utilized aRMR as the risk factor instead of unadjusted RMR in order to reduce the influence of prepregnancy weight on GWG. Also, an appropriate comparison between individuals could be made by normalizing RMR (Faria et al., 2012) . Although no prior studies have evaluated the effect of aRMR on GWG, our findings do parallel those related to obesity. Previous studies have found that individuals with obesity had a lower adjusted RMR than individuals with normal weight (Astrup et al., 1999; Faria et al., 2012) . Authors have recommended using RMR as a guide to energy intake in general obesity interventions (Abdel-Hamid, 2002) . The results from the present study also suggest that including the measurement of RMR in early pregnancy care could potentially be useful for predicting and managing weight gain during pregnancy.
Energy intake was also a significant predictor of GWG in the present study. Total energy intake and percentage of energy from fat were significantly associated with GWG and explained a substantial proportion of its variance. Previous studies have similarly reported that higher energy intake increased the risk of excessive weight gain during pregnancy (Gaillard et al., 2013; Stuebe et al., 2009) . Gaillard et al. (2013) also found that higher fat intake significantly augmented the odds of excessive GWG. Stuebe, Oken, and Gillman (2009) detected that higher intake of polyunsaturated fats, saturated fats, and trans fats had a tendency to increase the risk of excessive GWG. The results from the present study suggest that studies testing interventions to limit excessive GWG should focus on the reduction of total energy and fat intake in the diet.
The main limitation of the present study is that the sample size was relatively small. However, the sample was somewhat homogeneous with all participants self-reporting as African Americans. Another limitation is that we did not assess ancestry-informative markers to confirm self-reported race/ethnicity and categorize women in a more precise manner. Thus, we were not able to further examine population structure based on such ancestry markers. Consequently, readers should use caution in interpreting and generalizing the findings beyond the current study. In addition, the measurements of dietary intake and physical activity were self-reported. Inaccuracies in these self-reports might have attenuated the association between GWG and the risk factors. Replications of this study with larger samples and different racial/ethnic groups and including ancestry markers are recommended.
In the present study, we concluded that a number of factors, including a genetic risk score constructed on obesity-related genes, aRMR, and dietary intake, were significantly related to GWG and that these factors made substantial contributions to the explanation of the variance in GWG. Future studies should explore additional obesity-related SNPs as well as other genetic factors, such as changes in DNA methylation and transcriptomes, which may also play a role in GWG. Our results from the current study indicate that researchers planning intervention studies and health-care providers could potentially use information on genes and aRMR to identify high-risk women during early pregnancy and mitigate excessive GWG by controlling dietary intake as well as other effective approaches. 
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